September, 1964] Ludwig and folzenlogen: Exuviae Composition 


159 


Bailey, 1ST. T. J. 1951. On estimating the size of mobile populations from recapture 
data. Biometrika 38: 293-306. 

Chew, R. M. 1959. Estimation of ant colony size by the Lincoln Index method. Jour. 
N. Y. Ent. Soc. 67: 157-161. 

Corbet, P. S. 1952. An adult population study of Pyrrhosoma nymphula (Sulzer). 
Jour. Anim. Ecol. 21: 206-222. 

Dowdeswell, W. H., Fisher, R. A. and Ford, E. B. 1949. The quantitative study of 
populations in the Lepidoptera. Heredity 3: 67—84. 

Gilmour, D., Waterhouse, D. F. and McIntyre, G. A. 1946. An account of experi¬ 
ments undertaken to determine the natural population density of the sheep blowfly, 
Lucilia cuprina Wied. Australia Council Sci. & Ind. Res. Bui. 195, 39 pp. 

Gregg, R. E. 1953. Morphological considerations affecting the taxonomy of certain 
genera of ants. Proc. Ent. Soc. Wash. 55: 324-330. 

Jackson, C. H. N. 1940. The analysis of tsetse fly population. Ann. Eugen. London 
10: 332-369. 

Kannowski, P. B. 1959. The use of radioactive phosphorous in the study of colony 
distribution of the ant Lasius minutus. Ecology 40: 162-165. 

Lincoln, F. C. 1930. Calculating waterfowl abundance on the basis of banding re¬ 
turns. U. S. Dept. Agric. Circ. 118, 4 pp. 

Odum, E. P. and Pontin, A. J. 1961. Population density of the underground ant, 
Lasius flavus, as determined by tagging with P 32 . Ecology 42: 186—188. 

Welch, H. E. 1960. Two applications of a method of determining the error of popula¬ 
tion estimates of mosquito larvae by the mark and recapture method. Ecology 
41: 228-229. 

Wilson, E. O. and Eisner, T. 1957. Quantitative studies of liquid food transmission 
in ants. Ins. Sociaux 4: 157-166. 


COMPOSITION OF EXUVIAE OF THE 
MEALWORM, TENEBRIO MOLITOR LINNAEUS 
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Abstract Prepupal exuviae weigh 2.19, while those of the pupa 1.09 mg. Values for 
water content are 11.35 and 17.18%, respectively. In each case these means are statis¬ 
tically different. Nitrogen is approximately 10.7% of dry weight in each case. Lipid 
N (Fraction A), expressed as % total N, is 0.75 in prepupal and 0.66 in pupal exuviae. 
Water soluble N fractions (B soluble, and C insoluble in tungstic acid) are significantly 
lower in prepupal than in pupal exuviae. Values for B are 8.06 and 15.65; and for C, 
1.19 and 2.92, respectively. Those for insoluble N (Fraction D) are 89.95 and 80.78, 
respectively. 

During observations on the effects of parental age on the development of 
the mealworm, Tenebrio molitor, (Ludwig and Fiore, 1960) exuviae of pre¬ 
pupae and pupae were obtained in large numbers. Since the exuviae of the 
two stages are very different in appearance, it was decided to determine 
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weights, water and nitrogen content, and to fractionate the nitrogen 
present. To the authors’ knowledge, no nitrogen fractionations on the 
exuviae of insects have been reported. 

MATERIAL AND METHODS 

Prepupae and pupae were obtained from cultures maintained at room 
temperature (approximately 25° C) in glass dishes until they had molted 
and the exuviae collected. The average wet weights of both the prepupal 
and the pupal exuviae were obtained by weighing them in groups of 10 
on an analytical balance within 10 hours of molting. The dry weights were 
obtained by weighing the exuviae after drying to constant weight by vacuum 
desiccation. 

Total nitrogen determinations were made on dried exuviae by the Kjeldahl 


Table 1. Composition of prepupal and pupal exuviae. Each value is an average of 
at least 10 readings. It is given with its standard error. 



Prepupal exuviae 

Pupal exuviae 

“t” value 

Wet weight 

2.19 + 0.06 

1.09 + 0.04 

15.7 

Per cent water 

11.35 + 0.81 

17.18 + 1.84 

2.9 

1ST, per cent dry weight 

10.75 ± 0.14 

10.70 ±0.11 

0.3 

Table 2. Comparison 

of nitrogen fractions in 

prepupal and pupal exuviae. 

Nitrogen 

values are given as per 

cent total nitrogen. Each is an average of at least 15 determi- 

nations. It is given with its standard error. 




Prepupal exuviae 

Pupal exuviae 

“t” value 

Fraction A 

0.75 + 0.11 

0.66 + 0.17 

0.4 

Fraction B 

8.06 + 0.17 

15.65 + 0.93 

8.1 

Fraction C 

1.19 + 0.13 

2.92 + 0.47 

3.5 

Fraction D 

89.95 + 0.40 

80.78 + 0.97 

8.7 


procedure, and nitrogen fractionations by the method of DelVeccliio (1955). 
In this fractionation, the desiccated exuviae were weighed, transferred to a 
15 ml. centrifuge tube, pulverized and thoroughly mixed with 10 ml. of 
distilled water, the water being added slowly with frequent stirring to bring 
about complete wetting. After repeated stirrings and centrifugations, all 
the exuviae became wet and were separated by centrifugation. The super- 
nate was then transferred to another 15 ml. centrifuge tube and the ex¬ 
traction repeated with another 10 ml. of distilled water. After centrifuga¬ 
tion, this second supernate was transferred to another centrifuge tube to 
which 1 ml. of % N H 2 S0 4 and 1 ml. 'of 10% sodium tungstate were added. 
The contents of the tubes were stirred and the tubes placed in a water bath 
at 90° C. for 15 minutes to facilitate the precipitation of the protein. The 
precipitates were separated by centrifugation and the supernates trans¬ 
ferred to a 100 ml. Kjeldahl flask. Most of the water was boiled off and the 
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residue subjected to nitrogen analysis. This fraction represents the water 
soluble nitrogen not precipitated by tungstic acid and is called Fraction B 
to correspond to similar fractions obtained by previous investigators (Lud¬ 
wig and Rothstein, 1952; DelVecchio, 1955; Moran, 1959). 

The tungstic acid precipitates were transferred quantitatively with re¬ 
peated washings to a 100 ml. Kjeldahl flask. After boiling off most of the 
water, its nitrogen was determined. This fraction represents the water 
soluble nitrogen precipitated by tungstic acid and is called Fraction C. 

A solution consisting of 1 ml. distilled water, 4.5 ml. absolute ethyl alcohol 
and 4.5 ml. absolute ethyl ether was added to the water insoluble residue. 
The mixture was allowed to stand for 2 hours with frequent stirrings and 
then centrifuged. The supernate was transferred to a 100 ml. of Ivjeldahl 
flask. The residue was washed with another 10 ml. of the alcohol-ether 
solution, centrifuged and the supernate added to that already present in the 
flask. Most of the ether and alcohol were evaporated over a hot-plate and 
the remaining material diluted with 25 ml. of distilled water to prevent 
the decomposition of the alcohol during the digestion process. Most of the 
water was then boiled off, the alcohol being removed in the process. The 
nitrogen of this fraction was then determined. It represents lipid nitrogen 
and is called Fraction A. 

The residue remaining after the removal of the water soluble and lipid 
fractions was then transferred quantitatively to a 100 ml. Kjeldahl flask 
by repeated washings with distilled water. Most of the water was boiled off 
and the nitrogen in this residue determined. It represents insoluble nitro¬ 
gen and is called Fraction D. 


OBSERVATIONS 

The average weights, water and nitrogen contents of the exuviae are given 
in Table 1. The prepupal weighed approximately twice that of the pupal 
exuviae. However, the pupal exuviae contained a significantly greater 
percentage of water. Nitrogen, expressed as per cent dry weight, was 
the same in each group. 

The distribution of the nitrogen, expressed as per cent total nitrogen, 
is shown in Table 2. Lipid nitrogen (Fraction A) was approximately the 
same in both groups. However, significant differences (“t” values greater 
than 2) are shown in the other fractions. The prepupal exuviae contained 
less nitrogen in the water soluble fractions and more nitrogen in the in¬ 
soluble fraction (Fraction D) than the pupal exuviae. The difference in 
Fraction B might be expected because this fraction probably contains waste 
nitrogen in the form of urates, urea and related compounds. Since no ex¬ 
cretion of nitrogenous wastes occurs during the pupal stage, some of these 
wastes might be deposited in the cuticle, particularly at ecdysis, to be 
elminated with the exuviae. 
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COLPOCEPHALUM (MALLOPHAGA: MENOPONIDAE) 

FROM THE PICIFORMES 1 
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Abstract Descriptions are given for four species, two of which are new: Colpocephalum 
harterti from Mulleripicus pulverulentus harterti and C. pulverulenti from M. p. pub 
verulentus. Colpocephalum longicorne Rudow is synonymized with C. inaequale Bur* 
meister. 

While accumulating' specimens for revisional studies of the genus Col¬ 
pocephalum Nitzsch, 1818, for its various orders of host birds, I have ob¬ 
tained about 100 adult Colpocephalum from four genera and six species of 
woodpeckers (Piciformes). Since neither of the two currently-recognized 
species of Colpocephalum is adequately described and since I have two 
species new to science, I now present the results of the analysis of these lice. 

All material studied consists of specimens mounted on slides. Measure¬ 
ments are given in millimeters. The value in parentheses following a state¬ 
ment of range represents the mean. The nomenclature of the hosts follows 
that of Peters (1948). 

Colpocephalum inaequale Burmeister 

Colpocephalum inaequale Burmeister, 1838, Handb. Ent. 2: 438. Type 
host: Picus martins = Dryocopus martins martins (Linn.). 

Colpocephalum longicorne Rudow, 1869, Z. gcs. NatWiss. 34: 393. Type host: Gallus 
fur cat us = G alius varius (Shaw). Contaminant. New Synonym. 

female As in Fig. 1. Mid-dorsal head setae minute, with inner slightly longer than 
outer; occipital setae very long. Gular setae typically 5 + 5 (6 of 67 sides with 4; 3 with 
6) ; at least posterior 2 pairs of setae very long, of about equal length and extending 



